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INTRODUCTION

37
The Quaternary glacial record of the Pyrenees is essential for reconstructing regional paleoclimate 38 and provides crucial information on the response of terrestrial ice masses to variability in the North 39 consistent with existing radiometric ages ( 10 Be, 14 C). However, direct application of this calibration 68 curve to Pyrenean deposits is unsuitable as long-term weathering rates exhibit systematic variability 69 between climatic regimes (Riebe et al., 2004 ). This variability is likely significant between the 70 temperate-oceanic climate of the British Isles and the comparatively dry, continental Pyrenees. In 71
To test for regional variation in rates of sub-aerial weathering, age control data (n = 52) were 125 separated into sub-regions ( Fig. 3A ; Southern n = 46; Eastern n = 34; Central n = 18). These 126 datasets were used to construct logarithmic regressions for each sub-region. For each sub-region 127 regression, ages were calculated at R-value intervals of 0.1 over the associated calibration period 128 (Southern = 4.1 -51.1 ka; Eastern = 10.9 -51.1 ka; Central = 4.1 -18.2 ka). Interpolated ages were 129 compared to the ages generated by the full age control dataset, with two-sample Students t-tests 130 used to evaluate whether the difference between sub-region and full dataset results was statistically 131 significant. Sub-region information is presented in Table 2 . 132
To verify the suitability of this TCN-SH calibration curve, 100 granite surfaces were sampled from 5 133 ice-front positions along a ~18 km transect of the Têt catchment, Eastern Pyrenees (Fig. 4) , with 134 results validated against independent 10 Be and 14 C ages (Delmas et al., 2008) i.e. 10 Be ages that do 135 not comprise one of the 52 age control surfaces that underpin the calibration curve ( due to moraine stabilisation processes (Hallet and Putknonen, 1994) . Despite this limitation, these 138 data, in additional to geomorphological mapping of moraine stages (Fig. 5) , provide a useful 139 chronological framework for ice recession in the Têt catchment and can be used as independent 140 evidence to verify the results of SHED. Sampled sites include proximal inner (Site A, 1 km from 141 catchment headwall, ~2200 m) and outer cirque moraines (Site B, 1.3 km, ~2168 m). Based on 142 existing 10 Be ages, these moraines may reflect ice margin oscillations during the Younger Dryas or 143 early-Holocene although considerable age scatter (n = 5; 12.00 -13.99 ka) prevents accurate 144 separation of glacial stages. Down-valley from these sites, glacially-deposited boulders adjacent to a 145 prominent lateral moraine (Site C, 5.5 km, ~2051 m) are indicative of a post-LGM re-advance of the 146 Têt glacier. This site is down-valley of the Grave-amont core site, which has produced 14 C ages in 147 the range 19.47 -20.26 ka cal BP (n = 3). These data suggest that the Têt glacier was confined to the 148 cirque environment as early as ~20 ka. Further south, a large terminal moraine (Site D, 18.5 km, 149 ~1686 m), dated to 24.22 ± 4.58 ka (n = 1), likely marks the LGM ice extent. 10 Be ages from this 150 glacial stage exhibit considerable scatter (n = 6; 15.6 -24.2 ka) and likely reflect post-depositionalexhumation of moraine boulders (Hallet and Putkonen, 1994) . As a result, the precise age of this 152 landform is unclear, which limits our understanding of the dynamics of the Têt glacier during the 153 global LGM. Finally, ~300 m outside of the LGM limit, the two outermost moraines of the Têt 154 glacier (Site E, 18.8 km, ~1624 m) mark the Würmian MIE, although the precise age of this landform 155 is unclear. These moraines record the maximum extent of glaciation in the Têt catchment, as the 156 downstream landscape is dominated by fluvial incision. These moraines are morphologically distinct 157 from proximal LGM moraines (Delmas et al. 2008) but it is not currently clear whether these 158 landforms were deposited synchronously, with the outer moraines subject to intense moraine 159 stabilisation processes since the LGM, or instead, whether the outer moraines represent an earlier 160 glacial stage (MIS 3-4; Calvet et al., 2011). At each site, 20 surfaces were sampled for SHED following 161 the methods described above, with SH exposure ages and 1σ uncertainties calculated using SHED-162 Earth (http://shed.earth; Tomkins et al., 2018). To account for geological uncertainty which typically 163 displays as positive and negative skew of datasets, probability density estimates (PDEs) were 164 produced and modelled to separate out the highest probability Gaussian distribution (Fig. 5) as per 165 the methods of Dortch et al. (2013) . Using the KS density kernel in MATLAB (2015) and a dynamic 166 smoothing window based on age uncertainty, PDE peaks and tails were separated into individual 167
Gaussian distributions, the sum of which integrates to the cumulative PDE at 1000 iterations to 168 obtain the best fit. The re-integrated PDE (made from the isolated Gaussians) goodness of fit is 169 indicated graphically (Dortch et al., 2013) . Full sample information for the 100 surfaces sampled in 170 the Têt catchment can be found in the Supplementary Dataset. 171
172
RESULTS
173
A clear correlation between TCN exposure ages and SH R-values is expressed by a logarithmic 174 regression ( Fig. 1A ; n = 52, R 2 = 0.96, p = < 0.01). Boulder height ( Fig. 3B ; n = 38; R 2 = < 0.01; p = 175 0.97), sample elevation ( Fig. 3C ; R 2 = 0.11; p = 0.02) and cirque headwall distance ( Pyrenees. SHED is a viable method to address this knowledge gap as the calibration curve is well 280 constrained by age control points which span the global LGM and is able to reproduce the LGM 281 TCN age in the Têt catchment, varying by <0.6 ka. 282
Finally, the geomorphological record indicates that post-LGM retreat was dynamic ( To apply this regional calibration curve to undated landforms or to verify its accuracy on landforms 322 dated using radiometric methods (TNC, OSL, 14 C), users should follow the methods described 323 above and perform (1) instrument calibration and (2) age calibration procedures as described fully in 324 (Table 3) to calculate a correction factor which is then all applied to user data. This functionality is 335 incorporated into SHED-Earth. These procedures facilitate comparison between studies and 336 encourage wider and more consistent application of SHED throughout the Pyrenees. Table Captions 573 Table 1 . Details of 10 Be dated surfaces sampled using the Schmidt Hammer. 574 Table 2 . Analysis of sub-region datasets and comparison with the full age control dataset (n = 52). 575
These data imply little variation in the rate of sub-aerial weathering between sub-regions. 576 Table 3 . Age calibration surfaces for the Pyrenees. Detailed information on age calibration can be 577 
